499 OPTIMIZING COLLAGEN-GAG SCAFFOLDS FOR CARTILAGE TISSUE ENGINEERING APPLICATIONS  by Baskaran, H. et al.
Poster Presentations – Stem Cells, Tissue Engineering & Repair S215
Figure 2.
Further, chondrocytes cultured with physiological O2 + ROS exhibited
increased OCRs. The differences were accounted for by increased total
protein×cell−1. Although proliferation was strongly affected, cells from
20% O2 did not recover when transferred to 2% O2.
Conclusions: Oxidative capacity and mitochondrial biosynthesis in-
creased within days of transfer to monolayer, associated with increased
oxidative stress with both culture duration and incubator O2. Maintenance
under physiological oxygen only partially limited the induction of an
oxidative metabolism and oxidative stress, reducing both parameters by
half. Exposure of low-O2 cultures to an exogenous ROS also induced
an oxidative metabolism. This evidence supports the stated hypothesis.
Further we demonstrate that cultures in 20% O2 could not recover their
metabolism when transferred to 2% O2 for 7 days.
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Purpose: Porous collagen biomaterials hold great potential for use
as scaffolds in cartilage tissue-engineering. Others have developed
collagen-based constructs with tunable properties of volume fraction and
pore-size distribution. In this work, we discuss the development of a new
process that allows for tuning of these properties, and the mechanical
strength of the scaffold towards cartilage tissue engineering (TE).
Methods: Collagen-chondroitin-6-sulfate (CG) scaffolds of varying prop-
erties were formed by concentrating a CG suspension in acetic acid
through centrifugation, and subsequent lyophilization. The centrifugal
force and the ﬁnal composition were varied. The morphology of the
resulting scaffolds was assessed by measuring the pore size, area, and
cell adhesion area. The water-uptake and mechanical properties of the
scaffolds were also assessed. For cartilage TE, human bone marrow-
derived mesenchymal stem cells (MSCs) obtained from 4 healthy adult
donors, were vacuum-seeded into the scaffolds at a density equal to the
void volume of the scaffold. The scaffolds were cultured in a bioreactor
in chondrogenic medium.
Results: Our results show that the CG suspensions concentrated to
as high as 5.6 times the starting value within 20 minutes after the
introduction of the centrifugal force. Increasing the centrifugation duration
beyond 20 minutes had no signiﬁcant effect on the ultimate density of CG
suspensions. Morphological analyses showed that scaffolds with greater
CG density were characterized by increased number of pores/area, and
decreased pore size. In addition, the cell seeding area increased with the
CG density. The modulus of elasticity values of the concentrated scaffolds
were an order of magnitude (as high as 3MPa) greater than that of the
unconcentrated scaffolds (Figure 1). To assess the scaffold’s compatibility
for cartilage tissue-engineering applications, histology, DNA content and
glycosaminoglycan (GAG) content of the constructs were assessed after
1 day and 3 weeks of culture. Cross-sections of the constructs harvested
immediately after seeding show cells in the scaffold voids throughout
the entire thickness of the scaffold, suggesting good interconnectivity of
the scaffold pores. Cells were viable for the duration (3 weeks) of the
experiment, and the GAG content increased from ~240 (day 1) to 1900
(day 21) mg/scaffold. After 3 weeks of culture, the void spaces had been
ﬁlled with cell-derived ECM which was positive for proteoglycans, and
collagen type II. We detected no type I and only trace type X.
Conclusions:We have developed a new process to obtain collagen-GAG
scaffolds for cartilage tissue engineering. The new process allows for
tuning of not only the pore size and distribution but also the mechanical
properties of the scaffold material thus making the resultant scaffolds
particularly suitable for cartilage TE. The scaffolds’ physical properties
allow for easy manipulation; they can easily and efﬁciently be seeded
with MSCs. The scaffolds support the differentiation of MSCs leading to
ECM production.
The harsh mechanical environment of the joint requires that cartilage
constructs should be able to match the mechanical properties of the
native tissue. In vitro conditioning can lead to increased ECM content
of the construct thereby increasing the chances of survival in vivo.
The scaffolds developed in this work are from natural biomaterial, have
superior mechanical properties, can allow for conditioning in vivo, and
reduce/eliminate in vitro conditioning.
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Purpose: Cell-based tissue engineering offers a promising means of
replacing or repairing lost or damaged tissues. Osteoarthritis (OA), or
degenerative joint disease, is the most prevalent of all musculoskeletal
diseases and is characterised by the progressive destruction of articular
cartilage. As mature articular cartilage has a very limited regenerative
potential, treatment options for OA are limited and ultimately the disease
leads to total joint arthroplasty. Mesenchymal stem cells (MSCs) offer new
possibilities for the treatment of OA by contributing to the regeneration or
maintenance of connective tissues. The aim of this study was to evaluate
various strategies to promote homing of MSCs to ﬁbrillated cartilage using
a human OA cartilage explant culture model to advance tissue repair.
Methods: Preliminary experiments were performed to establish the cul-
ture system using cartilage explants from goat medial tibial plateau
(MTP). Full thickness cartilage explants (1−2mm thick and 2mm diame-
ter) were obtained from the goat MTP and the MTP and femoral head of
humans after total knee and hip arthroplasty, respectively. Explants were
placed in 10% FCS containing media for 48 h at 37ºC and subsequently
